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Abstract 
The capillary electrophoretic separation of six water-soluble vitamins (thiamine, nicotinic acid, nicotinamide, d-pantothenic acid, 
pyridoxine and ascorbic acid) was studied. Four CE backgrounds electrolytes were optimized and the most suitable ones were 
applied for investigation of analytes in real samples (yeast, beer, syrups). Several extraction procedures were performed in order 
to extract vitamins from proteins and phosphate groups. The research showed that it is possible to minimize interference from the 
solution with a complex composition and overcome the problem of peak overlapping by exchanging separation BGEs. Moreover, 
the second order data generated by CE-DAD instrument and Chemstation software (Agilents Technologies) were used to check 
of the peak purity. 
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1. Introduction 
Vitamins are organic substances that are essential to the health and have to be obtained from the diet on a regular 
basis because, with the exception of vitamin D, they cannot be produced within the body. Although a number of 
them were termed vitamins between the 1930s and 1950s, the nutritional science now recognizes only 13 
substances, or groups of substances, as being true vitamins. The 13 substances are divided into two groups: fat-
soluble and water-soluble. The group of water soluble vitamin group contains of eight vitamins collectively known 
as B-complex vitamins plus vitamin C (ascorbic acid) [1,2,3]. In this article five representatives of the vitamin B 
complex out of eight are dealt with, thiamine (B1), nicotinamide and nicotinic acid (B3), D-pantothenic acid (B5) 
and pyridoxine (B6). These vitamins have been chosen to avoid any vitamin-vitamin interactions in a standard 
mixture [3].  
Sample preparation is an important step in the analysis of vitamins. On the one hand, vitamins can form 
complexes easily.  For instance,  in phosphorylated forms , e.g. thiamine mono –, di – and triphosphate, nicotinic 
acid adenine dinucleotide phosphate,  nicotinamide adenine dinucleotide phosphate, D-pantothenic acid – 4’ - 
phosphate and pyridoxine-5’-phosphate. Moreover, free thiamine and nicotinic acid  are often bound to proteins. 
[4,7] On the other hand this step is important for analysis as the major amount of interferents  should be excluded. 
Several procedures have been offered for the extraction of water-soluble vitamins. These are acid hydrolysis, 
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 enzymatic treatment and combination of two previous [5,6,7]. An alternative procedure for extraction has been 
proposed  by H. Okamoto et al., namely, in-capillary enzyme reaction method [8]. 
of the complex approach should still be considered.  In this work, CE systems were optimized in order to find the 
best conditions for the determination of analytes  in the sample. 
2. Methods and materials. 
2.1. Chemicals and reagents 
The purity of chemicals used was either 98% or higher. Nicotinamide (B31), nicotinic acid (B32) and calcium D-
pantothenate (B5) were purchased from Fluka Chemie Gmbh (Biochemika, Switzerland). Three of the vitamin 
standards, namely, thiamine hydrochloride (B1) (Sigma-Aldrich, Japan), pyridoxine (B6) (Sigma-Aldrich, 
Germany) and L-Ascorbic acid (C) (Riedel-de Haёn Sigma-Aldrich Laborchemikalien Gmbh, Seelze, Germany) 
were obtained from Sigma Chemicals. The structure of analytes used in this work is shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Structures of the analytes. 
 
Takadiastase from Aspergillus oryzae (No 86250) was obtained from Fluka (Biochemika, Switzerland). The 
other reagents (phosphoric acid, sodium phosphate, boric acid, sodium dodecyl sulfate (SDS), sodium tetraborate 
decahydrate, hydrochloric acid, sodium acetate and sodium hydroxide) were purchased from Sigma-Aldrich 
(Germany). For the preparation of standard solutions the deionised water (pH 7.0), purified with a Milli-Q system 
(Millipore Corporation, Bedford, USA) was used. 
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The samples used in the study were following: natural products yeast “Veski-Mati” and beer “Saku Kuld”, which 
are the rich source of vitamins B, food supplements enriched with synthetic vitamins “Doppelhertz® cardiovascular 
energy tonic” and syrup “Floradix Kindervital for Children”. All the foodstuffs studied were purchased at local 
sources.  
2.2. Sample preparation  
In the present research, four methods of sample preparation were used, viz. three types of extraction, and dilution. 
Doppelhertz and Floradix were diluted twice and three times with 40 mmol/L boric acid, pH 4.5 in order to decrease 
viscosity. For extraction 10 mL of a fluid (beer, Doppelhertz or Floradix) or yeast mixture (2 g yeast and 8 ml of 
water) was weighted in a 15 mL polypropylene (further PP) centrifuge tube.  
2.2.1. Hydrochloric acid extraction 
100 µL 37% hydrochloric acid was added to the sample in a 15 mL PP centrifuge tube. The solution in the closed 
tube was placed in an oven at 100°C for 30 min. After having been allowed to cool, it was adjusted to pH 4.5 with a 
2.5 mol/L sodium acetate and diluted to 15 mL by Milli-Q water.   
The supernatant was separated by centrifugation for 10 min at maximum speed and filtered through a 0.45 µm 
cellulose acetate filter. The filtrates were used for further investigation. 
2.2.2. Enzymatic treatment 
The sample mixture was adjusted to pH 4.5 with a 2.5 mol/L sodium acetate. 0.666 g of Takadiastase was added 
to the sample in a 15 mL PP centrifuge tube. The solution was sonicated at 37°C for 90 min and diluted to 15 mL by 
Milli-Q water, then thoroughly shaken and cooled.  
The supernatant was separated by centrifugation for 10 min at maximum speed and filtered through a 0.45 µm 
cellulose acetate filter. The filtrates were used for further investigation. 
2.2.3. Two-step extraction 
100 µL 37% hydrochloric acid were added to sample mixture in a 15 mL PP centrifuge tube. The solution in a 
closed tube was placed in an oven at 100°C for 30 min. After being allowed to cool, it was adjusted to pH 4.5 with 
2.5 mol/L sodium acetate. 0.666 g of Takadiastase was added to the sample in a 15 ml PP centrifuge tube. The 
solution was then sonicated at 37°C for 90 min and diluted to 15 mL by Milli-Q water. Then thoroughly shaken  and 
cooled.  
The supernatant was separated by centrifugation for 10 min at maximum speed and filtered through a 0.45 µm 
cellulose acetate filter. The filtrates were used for further investigation.[7, 6, 9] 
2.3. CE systems 
Several research groups have successfully used the all the three types of electrophoresis to separate vitamins [10], 
namely CZE [11], MEKC [12] and MEEKC[13,14, 15]. In present study following BGEs were used CZE 
phosphoric acid (pH 2,1), sodium phosphate (pH 7) and sodium tetraborate (pH 9.2), from MEKC boric acid/SDS 
(pH 8.2) were used. The best separation of vitamin standard mixture was achieved with MEKC, boric acid/SDS. The 
final BGE concentration was varied from 10 mM boric acid/12.5 mM SDS to 40 mM boric acid/60 mM SDS (with 
10 mM increments). The last value was found satisfactory in terms of compromise between separation and the 
analysis time.  
Analysis was performed using a CE apparatus from Agilent Technologies equipped with Chemstation software. 
An uncoated silica capillary (Agilent Technologies) with a total length of 58 cm (an effective length 50 cm, 50 µm 
i.d./365µm o.d.) was used for separation. Prior to use the capillary was rinsed with a 0.1M NaOH solution for 3 min 
and with the separation BGE for 3 min. The injection of the sample was performed hydrodynamically, 50 mbar 5 s. 
A positive electrical voltage, 20 kV was applied to the inlet reservoir for separation. A DAD detector was used with 
a spectral range of 200 to 400 nm. The fixed wavelengths for thiamine were at 232 nm (at pH 2.1) and 265 (at 
higher pH), for nicotinamide and nicotinic acid at 260 nm, for pyridoxine at 290 nm, for D–pantothenic acid at 210 
nm and for ascorbic acid at 265 nm.  
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 To optimize the separation of analytes in the sample extracts four different background electrolytes (further BGE) 
were chosen in order to perform separation based on as different CE mechanisms as possible. Since thiamine, 
pyridoxine, nicotinic acid and nicotinamide are zwitterions they have a positive charge at low pH and a negative at 
high pH. As for D-pantothenic and ascorbic acids they could only be negative. The first BGE was 25 mmol/L 
phosphoric acid with pH 2.1 for CE system with no or minimum EOF influence (only for positively charged 
molecules like thiamine, pyridoxine, nicotinamide and nicotinic acid). The second BGE was 25 mmol/L sodium 
phosphate with neutral pH. The third BGE was 25 mmol/L sodium tetraborate with pH 9,2. Finally, the forth MECK 
BGE was 40 mmol/L boric acid and 60 mmol/L SDS. The systems were evaluated in terms of selectivity, resolution 
and efficiency.  The data is presented in Table 1 and Figure 2. As follows from the analysis of data only three 
systems, namely, phosphoric acid, sodium tetraborate and boric acid with SDS (Figure 2) were suitable to proceed 
with. Since, with the sodium phosphate BGE analytes were not completely separated (Figure 2 pH 7). Moreover, the 
resolution between second and third peaks was only 0.8.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The influence of background electrolyte influence on the separation of the standard vitamins   mixture of 
the 100 µmol/L. Analytes: 1-thiamine, 2-nicotinamide, 3-pyridoxine, 4-nicotinic acid, 5-D-pantothenic acid and 6-
ascorbic acid. CE conditions: 25°C, 20 kV, injection 50 mbar, 5 s, capillary effective 50 cm and total 58cm lengths. 
BGEs: pH 2,1 -25 mmol/L phosphoric acid; pH 7 - 25 mmol/L sodium phosphate; pH 8,2  – 40 mmol/L boric acid 
and 60 mmol/L SDS; and pH 9,5 - 25 mmol/L sodium tetraborate. 
Table 1. Parameters of CE systems 
 
  Selectivity, α Resolution, R Number of theoretical plates,  N 104 
 pH 2,1 7 9,2 8,2 2,1 7 9,2 8,2 2,1 7 9,2 8,2 
1 Thiamine - - - 1.5 - - - 60.1 1.3 17.2 15.0 103.6 
2 Nicotinamide 1.2 1.3 1.4 - 5.6 12.7 12.2 - 2.4 1.7 1.3 5.0 
3 Pyridoxine 1.2 1.0 1.6 1.2 6.6 0.8 23.3 14.7 1.9 7.2 16.2 15.8 
4 Nicotinic acid 1.4 1.2 1.1 1.1 17.1 18.6 4.9 10.2 6.7 21.9 19.9 15.8 
5 D-pantothenic acid ND 1.5 1.1 1.1 ND 27.4 5.5 8.5 ND 7.5 5.3 5.7 
6 Ascorbic acid ND 1.1 1.2 1.2 ND 9.3 19.9 14.1 ND 12.4 3.9 9.3 
ND – not detected  
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3. Results and Discussion 
The procedure for the identification and quantification of analytes in sample extracts included the following 
steps.  
First, the  presence of analytes in sample extracts was also determined by analyzing pherographic data and using 
spectroscopic techniques, i.e. by analyzing second-order signals or spectral- time second-order data provided by CE-
DAD [16, 17, 18, 19]. Also, specific ChemStation programs for CE-DAD signal interpretation were used.  A peak 
purity program was applied to the confirmation of peak selectivity. . To identify analytes in the sample solution a 
similarity program was used. The latter is based on the match of peak spectra with one another and could be defined 
by the following equations. [20, 21]: 
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where Ai and Bi are absorbencies measured at the first and second spectrum at the same wavelength. Moreover, 
Aav and Bav are the average absorbance of the first and second spectrum respectively. n is the number of data points. 
The method provides a measure of similarity ranging from identical (=1000) to different (=0). [22] In an ideal case 
no difference in the peaks spectra should be found. At the extremes, a similarity factor of 0 indicates no match and 
1000 indicates identical spectra. Generally, values which are very close to the ideal similarity factor (greater than 
995) indicate that the spectra are very similar, while values which are lower than 990 but higher than 900 are 
indicative of some similarity in spectra and the underlying data should be considered more carefully. 
Second, for the identification and quantification of vitamins in sample extracts three CE BGE-s were tested  in 
order elucidate the most suitable one (in terms of finding fewer  overlapping peaks). Through an extensive testing, it 
was observed that separation with 25 mmol/L phosphoric acid at pH 2.1 was the best for thiamine (Figure 3), 
pyridoxine, nicotinamide and nicotinic acid. At the same time no D-pantophenic acid was identified in sample 
extracts. This may be first explained by that the peak of the sample matrix completely overlapped with that of D-
pantothenic acid making identification of the compound impossible.. Second, the amount of D-pantothenic acid was 
too small enable the detection of the compound. Ascorbic acid was found only in Floradix solutions.  
For Doppelhertz and Floradix acidic, enzymatic and two-step extractions gave the negative results and no 
vitamins were identified whatever. However, it appeared that direct injection of the product (diluted three times) 
could help to reveal the analytes. The data are presented in Table 2 and Figure 5.  
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Fig. 3. The BGE systems used to determine thiamine (1.) in the yeast extract.  Analytes: 1-thiamine. CE system: 
A - 25 mmol/L sodium tetraborate, pH 9.2, A1 - the spectrum of absorbance of thiamine in the sample; A2 – the 
spectrum of absorbance of thiamine in the standard mixture; B - 25 mmol/L phosphoric acid, pH 2.1, B1 – the 
spectrum of absorbance of thiamine in the sample, B2 – the spectrum of absorbance of thiamine in the standard 
mixture. CE conditions: 25°C, 20 kV, injection 50 mbar, 5 s, capillary effective 50 cm and total lengths 58cm. 
Similarities  (Match) between the peaks are also presented. 
 
 
 
Fig. 4. The comparison between the electropherogramms of thiamine in the yeast extracts prepared using 
different extraction procedures (A, B and C).  CE conditions: 25°C, 20 kV, injection 50 mbar, 5 s, capillary effective 
50 cm and total 58cm lengths, 232 nm. A – acid hydrolysis, B – enzymatic treatment, C – two-step extraction (the 
last extraction procedure): C1 – purity factor of thiamine, C2 – thiamine absorbance spectra in sample, C3 – 
thiamine absorbance spectra in standard mixture. Similarities  (Match) between the peaks are also presented. 
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Table 2. The amounts of analytes established in sample solutions, with the uncertainty 95% for n=3. 
 
 µg/g  µg/10 ml  µg/10 ml  µg/10 ml  
   Yeast  Beer Doppelhertz   Floradix   
Thiamine  143 ± 0.6 ND  484 ± 37 ND  
Pyridoxine  82 ± 4 ND  400 ± 43 410 ± 60 
Nicotinamide  115 ± 10 320 ± 40 1397 ± 219 4820 ± 370 
Nicotinic acid  ND  ND  96 ± 5 55 ± 6 
Ascorbic acid  ND  ND  ND  18964 ± 2741 
D-Pantothenic acid ND  ND  ND  ND  
ND – not detected 
 
As follows from Table 2, the major water-soluble vitamin found to be present in yeast was thiamine 143 µg/g , 
while pyridoxine was present in the lowest amount, 82 µg/g. In beer, only nicotinamide was found at a concentration 
of 320 µg/10 ml. Unfortunately neither ascorbic or D-pantothenic acid were determined in yeast and beer extracts. 
This may be accounted for the use of extraction conditions like high temperature for ascorbic acid or the complex 
composition of the solution for D-pantothenic acid (the spectra of the analyte could easily be overlapped by those of 
the other substances). Pyridoxine, nicotinamide  and nicotinic acids were quantified in both Doppelhertz and 
Floradix. Between the two products there were only slight differences in pyrodixine concentration, 400 and 410 
µg/10 ml, respectively. Ascorbic acid was determined only in Floradix at a concentration of  18.96 mg/10 ml. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Electropherograms of sample solutions with the vitamins detected. Analytes: 1-thiamine, 2-nicotinamide, 
3-pyridoxine, 4-nicotinic acid, 5-D-pantothenic acid and 6-ascorbic acid. CE system: 25 mmol/L phosphoric acid 
pH 2,1, 25°C, 20 kV, injection 50 mbar 5 s, capillary effective 50 cm and total 58cm lengths. Samples: A – 
Floradix, B – Doppelt, C – yeast and D – beer. Similarities between the peaks are also shown: above - the spectrum 
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 of absorbance of the analyte in the sample, below - the spectrum of absorbance of the analyte in the standard 
mixture. 
4. Conclusion 
It follows from this work that it is possible to minimize matrix interferences from the solution with complex 
composition by optimized choice of separation BGEs. As for more, the three extraction procedures were under 
investigation and only one, two-step extraction (acid hydrolysis followed by enzymatic treatment) was found 
satisfactory for natural products. Finally, a method was developed for the determination of water-soluble vitamins in 
various food products.   
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